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N O T I C E
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INTRODUCTION A know1 edge o f dynamic c h a r a c t e r i s t i c s o f the conventional g r i ds t i f f e n e d p l a t e s i s e s s e n t i a l t o r a t i o n a l design o f these systems subjected t o dynamic perturbations . H i s t o r i c a l notes concerning the appl i c a t i ons o f g r i d -s t i f f e n e d plates, the a v a i l a b l e l i t e r a t u r e , and the known techniques
f o r determining the response o f g r i d -s t i f f e n e d p l a t e s are explored i n a recent pub1 i c a t i o n by the author [l] . This paper represents an extension o f the i n f o r m a t i o n presented i n above reference by assuming a m o n o 1 i t h . i~ connection a t the node p o i n t s between the p l a t e and the g r i d , and by accounting f o r the shear as w e l l as normal f o r c e i n t e r a c t i o n s between these s t r u c t u r a l components. The appl ic a t i o n o f e a r l i e r s o l u t i o n [ i ] t o systems w i t h shear bond w i l l r e s u l t i n approximate s o l u t i o n s . The c o n t r i b u t i o n o f the top p l a t e t o the system s t ? f f n e s s . i s s i m i l a r t o the c o n t r i b u t i o n o f flange t o the s t i f f n e s s o f a T beam i n the presence o f shear bond. The numerical examples which proceed t h i s presentation f u r t h e r i 1 l u s t r a t e the s i g n i f i c a n c e of accounting f o r the .,.
THE G R I D
..\ -
A simply supported NxM g r i d w i l l be assumed t o serve as t h e s t i f f e n e r f o r t h e composite c o n s t r u c t i o n . The g r i d element s t i f f n e s s a r e assumed d i f f e r e n t i n orthogonal d i r e c t i o n s . Harmonic time dependent i n t e r a c t i o n forces Fr, FS and FZ w i l l be a c t i n g on t h e g r i d a t the nodal p o i n t ( r , s ) ,
[ F i g 21.
F i g (2). Grid. j o i n t i s o l a t e d
The shearing i n t e r a c t i o n forces Fr and Fs a c t i n g along t h e t o p sur-0 face o f t h e j o i n t w i 11 produce concentrated moments M : and TS a c t i n g on t h e j o i n t s (r,s) i n a d d i t i o n t o i n plane concentrated f o r c e e f f e c t s .
h and fi denote' distance from t o p f i b e r s . t o t h e c e n t r o i d s o f s t i f f e n e r members i n r and s d i r e c t i o n s , r e s p e c t i v e l y . ( F i g 2). G R I D DEFORMATIONS
The time dependent displacements of top f i b e r s o f t h e nodal p o i n t (r,s) o f t h e g r i d subjected t o i n t e r a c t i o n forces w i l l be desi,gnated as Ur , , , Vr,S9 and w; , i n r, s and z d i r e c t i o n s r e s p e c t i v e l y .
For composite systems w i t h t h i n plates; i t w i l l be assumed t h a t t h e c o n t r i b u t i o n t o t h e displacements o f t h e g r i d t o p f i b e r s U, V and W due t o t h e g r i d member a x i a l e l o n g a t i o n i s small compared w i t h t h e t o p
fi,ber displacement components due t o g r i d bending. For a g r i d w i t h r i g i d j o i n t c o n s t r u c t i o n , t h e j o i n t displacements U(r,s) and V(r,s) a r e r e l a t e d t o angles o f r o t a t i o n s a(r,s) and v ( r , s ) a t t h e node p o i n t s .
= v ( r , s ) h, Wr, , = ~( r a s l a ( 2 ) U r S s = a ( r , s ) h , Vr,s a and b r e f e r t o t y p i c a l s t i f f e n e r l e n g t h s i n r and s d i r e c t i o n s . ( F i g 3).
The d i s c r e t e a n a l y s i s technique and c a l c u l u s o f f i n i t e d i f f e r e n c e s w i l l be employed t o formulate the g r i d displacements.
The designations employed t o represent shears and moments a t t h e j o i n t (r,s) a r e shown i n F i g u r e 3. For a torsionless grid, neglecting t h e . j o i n t rotational inertias,
. .
consideration of the free body diagram of joint ' ( r , s ) (Fig. 2,3 s hear-momen t re1 a t i ons :
I n view of harmonic nature of motion, we r , s u denotes t h e frequency o f vibration'. Introduce force-deformation r e l a t i o n s i n t o dynamic equations ( 3 ) . , considering ( 2 ) we f i n d :
dvr denotes second c e n t r a l d i f f e r e n c e operator and A, denotes t h e mean c e n t r a l d i f f e r e n c e operator. 
The s e t o f t h r e e p a r t i a l d i f f e r e n c e equations ( 7 ) represent t h e rnathem a t i c a l model f o r t h e g r i d .

For simply supported end conditions, t h e f o l l o w i n g f i n i t e s e r i e s s o l u t i o n
aij S i n M S i n S i n m t The f i e l d o f i n t e r a c t i o n forces a t t h e nodal p o i n t s w i l l be .
represented by t h e f o l l o w i n g f i n i t e series: Introduce ( 9 ) and (10) 
i n t o ( 7 ) . A s o l u t i o n t o displacement coe f f i c i e n t s i s obtained by matching t h e terms o f t h e s e r i e s :
. . 
THE PLATE
The top plate will be assumed simply supported along four edges against deflection and will be subjected to the f i e l d of in-plane and lateral pl ate-grid discrete interaction forces.
The plate i s a continuum. W e are interested here in a f i e l d solution to the' f i n i t e number of displ acenients. of the plate a t the nodal points,
i .e., the discrete f i e l d solution t o the f.inite number of ordinates of the continuous functions representing the plate deflect.ion as we1 1 as the plate membrane action are developed.
The interaction of the bending and membran; action will be neglected.
The governing equation f o r plate deflection i s c l a s s i c a l , and i n terms of dimensionless parameters r and s ( r = x/a, s = y/b) i s given by:
p and D denote the plate mass density and flexural s t i f f n e s s respectively.
q denotes the lateral load intensity.
Neglecting the in-plane i n e r t i a of the plate, the membrane action i s governed by:
Qr and Q, refer to in-plane load i n t e n s i t i e s in r and s directions, and the p l a t e frequency; we have [I] The g r i d and t h e p l a t e frequencies are given by: 
